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EXECUTIVE SUMMARY 



When Russell Fiord is again blocked off by the advance of Hubbard Glacier, the 
resulting "Russell Lake" will fill to overflow in a minimum of 7 and a maximum 
of 12-14 months. The overflow will have average flows of approximately 20,000 
cfs, low flows of 900 cfs and maximum peaks flows of approximately 50,000 cfs. 
The overflow elevation for Russell Fiord is 131.1 ft at approximate mile post 
0.5 in the "notch" section. 

Russell Lake will attenuate inflow floods and produce overflow peaks into the 
Old Situk River that range between 24 and 34 percent of the flood peaks flowing 
into the lake. 

The overflow will be confined to a well defined channel from mile post 0.3 
(lake outlet) to mile post 5*5- From MP 5-5 to 13 the flow will follow fairly 
well defined historic meanders, braids and existing flow paths. The main flow 
path from MP 13 to the ocean (MP 17) will occupy the Lost River flood plain. 
Most historic channels have a new growth of vegetation since the last event 
approximately 150 years ago. 

Initial flows will reach higher levels in the channel (s) than subsequent flows 
of equal magnitude due to the increased hydraulic friction caused by existing 
vegetation in the flow paths. The overflow will remove this vegetation by 
hydraulic erosion of the root systems to form debris dams and channel 
meanders. Eventually as the material is buried, sidecast, or carried out to 
the ocean the channel(s) will stabilize. 

The established flow regimen will not impact the Yakatat airport unless debris 
damming causes a major shift in flow path from MP 13 to the ocean. 

Projected flood plain limits for low ( 10,000 cfs) and high ( 50,000 cfs) flows 
are shown on fold out MAP C located in the map envelope. 

Distances and elevations contained in this report are generally obtained by 
photogramme trie methods and are adequate for planning purposes. Any site 
specific details or plans for engineering works will require field surveys to 
establish vertical and/or horizontal control. 

Decisions and/or actions of hydraulic interest for the immediate future are: 

A. Field surveys are needed between mile post 13 and the Lost River to 
determine historic or future channels. 

B. Investigation of a bridge crossing site at mile post 3-6 is needed if 
a decision is made to maintain road access past Alsek road mile 11. 

C . An early decision regarding vegetation management in the main overflow 
channel is needed. If clearing is proposed, field surveys will be required 
to define the 10,000-20,000 cfs channel prism in the areas selected for 
clearing and to establish clearing limits in the field. The actual 
clearing could be accomplished during a three or four month construction 
operation after the lake starts to fill. 
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I . INTRODUCTION 



A. Here come the flood. The continued advance of Hubbard glacier over the 
last 90 years finally produced a closure of Russell Fiord on 5/29/86. 

Runoff into Russell Lake {formed by the closure) increased the water level 
over 4 months to an elevation of 83 ft before the ice dam breached and 
drained the lake on 10/8/86. This temporary reprieve will be short lived 
as the glacier continues its' advance with closure approaching on a wider 
and more stable face. A lake level elevation of 131.1 ft will initiate 
flow into the historic overflow channels of the Old Situk and Situk 
Rivers. This overflow will change a recent (150 year) hydraulic system 
having average flows of 1200 cfs into a system with average flows of at 
least 17,000 cfs (based on the 4 month average established during the first 
closure). This flow will cause significant changes in existing fisheries, 
access, use and economy of the Situk drainage. Page 2 is a project area 
map. The river miles are scaled map locations only. 

B. Requested assistance. As the initial closure approached, an 
interagency team chaired by the Chatham Area of Tongass NF was formed to 
coordinate various agency activities associated with the potential 
overflow. The Regional engineering office of the Forest Service was asked 
to provide a hydraulic analysis of the overflow system and to produce a 
report of the findings. This report completes our assignment. 

C. Hydraulic analysis. Location of the new stream channel (s) and their 
volumes of flow are basic to the report. We have relied on the Chatham 
Area forest hydrologist for hydrology of the Russell Lake and Situk 
watersheds (Paustian 1988). Routing the inflow hydrograph thru Russell 
Lake and the Situk system was done by R0 engineering. Questions about the 
airport area, vegetation in historic channels, continued road access past 
mile 11 on the Dangerous river road (Alsek road) , and mitigation options 
surfaced during the process and are also addressed. 

II. INVESTIGATION 

A. Topographic maps. The existing (1959) USGS quad maps for Yakutat 
provide 50 ft contour information. This is not detailed enough for 
hydraulic analysis of the flood plain on a stream system that is 17 miles 
in length and has only 130 ft of elevation change. The interagency 
committee recommended and USGS agreed to prepare an updated topographic map 
of the area with detail to 5 meters (2.5 meters in selected areas) at a 
scale of 1:25,000. Ground photo control points were installed during 
September of 1986 using GPS equipment and the updated topographic map 
proofs were completed by USGS. Copies of this map may be obtained from the 
USGS at a later date. 

Subsequent to this work, it was discovered that even the 2.5 meter contours 
exceeded the actual relief by a factor of 3- The Forest Service prepared 
and awarded a photo interpretation contract to identify and plot 26 cross 
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sections, selected stream profiles, and random elevations to an accuracy of 
2 ft vertically. Tapes of the data are filed in RO Engineering. 

B. Photos . The Yakutat area has the following aerial photo coverage. 



Date 


Scale 


Type 


Contractor 


9/86 


1:24,000 


Color 


N. Pacific Aerial Surveys 


8/86 


1:58, 000 


CIR 


Keys tone 


8/86 


1:80,000 


B&W 


Keystone 


78-79-81 


1:62, 500 


CIR 


NASA 


6/78 


1 : 125,000 


B&W 


NASA 


6/74 


1:15,840 


Color 


?? 



An uncontrolled mosaic of the floodplain area using 9/86 1:24,000 color 
aerial photos was produced by the Forest Service and reproduced at 
1:25,000 scale. Color prints of this 24” X 40" mosaic can be viewed at the 
Sitka, Juneau and Yakutat Forest Service offices. A black and white 1/2 
tone print is included in the envelope section of this report. Copies of 
the color Mosaic can be purchased from R0 Geometronics. The 1:25,000 
scale mosaic costs $50. Reproduction at other scales is also possible. 

Photos of typical channels in the Situk and Dangerous river areas are 
included on pages 8 and 9 of Appendix A. 

c - Field visits and surveys. Paul, Powell and Rogers visited Yakutat on 
8/20-21/86 to view the lake overflow area, vegetation in the existing flood 
plains and make preliminary classification of soil materials in the 
existing channels. The trip report is included as Appendix A. 

Paul, Paustian and Wilson visited Yakutat on 6/18-20/87 to measure typical 
cross sections, investigate stream overflow channels in the lower Situk 
river, and look at the streams tributary to the Lost river. A trip report 
was not prepared. 

Jim Landurm and crew performed a control survey to verify the "notch" 
elevation and establish a permanent cross section on 10/20-29/87 . Portions 
of this surveyed data are included. 

D* Miscellaneous . Paustian T s flow measurements of the Dangerous river are 
included and were used to calculate a Mannings friction value "n" of 0.033 
for wide channels in the Yakutat Foreland outwash materials. A photo of 
this typical channel is on page 8 of Appendix A. 

Volume calculations of the Russell Fiord reservoir are included. These 
values are shown as volume (s) per inch (and tenths of foot) to allow 
calculation of daily inflow into the lake based on water level rises. 

Average flows for the inflow into Russell Lake were calculated as 17,260 
cfs for the 132 day period from May 29 to October 8, 1986. The mid-July to 
mid-August flows averaged 27,500 cfs. Based on this information we 



arbitrarily selected 20,000 cfs as an average flow for determining a 
permanent channel prism. 

Tide data for Yakutat are shown on page C-15- The mean higher high water 
is 10.04 ft, highest observed is 15-69 ft and lowest observed is -4.4l ft. 

I discussed the potential for lake outlet ice dams at Russell Fiord with 
Jerry Nibler of NOAA's river forecasting office in Anchorage. To date 
their office has not observed or been informed of any Alaska lake having 
outlet damming problems where the outlet is flowing all winter. This is 
attributed to lack of ice formation near the outlet and a lack of river 
type flows to move the pack ice towards the outlet during spring breakup. 
Lakes having ice burgs tend to "ground" the bergs well offshore from the 
outlets, but this would depend upon individual lake bathometry. 

The overflow elevation of 131.1 ft. was determined by Landrum's survey. A 
location sketch for the saddle is shown on page XC-1. 

III. ANALYSIS 

A. Russell Lake storage routing. A synthetic inflow hydrograph was 
developed for Russell Lake. The Mendenhall River Standard Project Flood 
Hydrograph, developed by the Corps of Engineers, was selected as typical in 
shape and timing to simulate the Russell Lake watershed. Peak values for 
the hydrograph are difficult to predict due to lack of historic inflow data 
and a general lack of good scientific evidence regarding glacier and ice 
field hydrology for an 800 square mile watershed. Therefore, hydrographs 
with peak values of 100 , 000 ; 200 , 000 ; and 300,000 cfs were analyzed to 
cover the anticipated range of possible floods. Paustian's report 
developed a peak flow of 220,000 cfs using a 24 hour PMP of 25" and 
extrapolating the daily lake inflow/precipitation relationship developed 
during peak snowmelt in August 1986 . 

Peak outflows and their percentage of the inflow peak for the 3 inflow 
hydrographs are 33,820 (34%); 47,720 (24%); and 72,117 (24%) cfs 
respectively. Two of these flows are shown on page 5 and the calculations 
are included on pages C-l to C-9- Paustian's 220,000 cfs PMF inflow will 
produce an outflow of 52,800 cfs using this relationship. 

B. DAMBRK . Hydraulic modeling of the Situk flood channels was performed 
using the National Weather Service DAMBRK computer program developed by Dr. 
Danny Fread, Silver Springs, Maryland. Steady state flows of 2,000; 

10,000; 20,000; 30 , 000 ; 40,000; 50 , 000 ; 60,000; and 70,000 cubic feet per 
second (cfs) were modeled using a Mannings friction value of 0.033- A few 
selected flows were also modeled with a friction value of 0.13 to simulate 
the existing streamside vegetation. These runs at 0.13 indicated up to 66% 
height increases in water levels as a result of friction reduced 
velocities. The random nature of vegetation adjacent to the existing 
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channels precludes any detailed analysis using high friction values. It 
must suffice to indicate that the initial stage heights will be higher than 
after new channels are established. 

C. Analysis process. Stage heights for 10,000 and 50,000 cfs were plotted 
on the photogrammetrically developed cross sections. These are shown on 
pages XC-3 to XC-15. The 10,000 cfs flow represents the lower flows 
anticipated in the Situk drainages. Flows of 20,000 cfs are also contained 
within the same channel prism and can be described by visual photographic 
evidence. The 50,000 cfs flow is our best estimate of peak flows that will 
actually enter the "notch" at Russell Lake outlet after being attenuated by 
the lake. 

The water surface widths were then scaled and transferred to one of the new 
USGS 1:25,000 scale topographic maps (not included) to develop 10,000 and 
50,000 cfs flow widths at the 26 cross sections shown on fold out MAP B. 
Flow limit lines were then drawn to a "best fit" on the USGS map. 

An overlay was used to transfer the 26 cross section widths and flow limit 
lines from the USGS map to the 1:25,000 scale mosaic photo. Adjustments 
were then made to best fit visual evidence of historic channels and or 
vegetation types. The resulting final map of flow limits for 10,000 and 
50,000 cfs are shown on fold out MAP C. 

D. Future lake levels. The main historic Situk, Dangerous and several 
smaller streams in the Yakutat forelands have reached equilibrium between 
gradient, velocity and channel materials. These gradients are in the 
0.0012 to 0.0013 range. The Old Situk channel is presently at a gradient 
of 0.0016 and will continue downcutting until stability is reached. A 
calculation using a stable gradient of 0.0013 from the ocean to Russell 
Lake indicates that the eventual lake level will be 123 ft. We have no 
prediction when this will occur but it is of interest that bedload movement 
and downcutting of the Old Situk will continue. Primary control for the 
lake elevation is the glacial moraine that ends at approximately mile post 
one. The channel in this area is self armored with 2 ft and larger angular 
stones that have settled out of the moraine as downcutting has occurred 
(see photos on pg. 6 of Appendix A). The stream channel from mile post 1 
to 17 is composed of glacial outwash gravels, sands and silts that are very 
susceptible to erosion and consequently have limited control over lateral 
channel movements. Generally, the materials become progressively finer 
downstream from the moraine. 

E . Consequences of increased gradients for the overflow channel . One 
mitigation option is to construct a channel from the notch directly to mile 
13.8 of the Alsek road and continue on to the ocean. A channel in this 
location would place the first 4 miles in outwash materials at a gradient 
of 0.0033. Velocity varies with gradient raised to the 0.5 power. The 
ratio of 0.0033 to 0.0013 is 0.0574/0.0361 =1.6 higher velocity. The 
energy of flowing water varies by the velocity squared, therefore the 
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energy of water at 0.0033 is 2.56 times the energy of water at stable 
gradient (0.0013). Outwash gravels will erode rapidly at this gradient. 
Bedload will be transported downstream and deposited at mile post 5 where 
the gradient changes to 0.0016 causing an alluvial fan to develop with 
random diversion of the channel. We do not believe the stability of this 
channel can be maintained without significant volumes of rip-rap and armor 
rock, both unavailable locally. This option also requires a dam to divert 
the channel, with associated problems that will not be discussed here. 

IV. DISCUSSION 

A. Russell Lake outflow. Russell Lake will drastically attenuate all 
predictable storm events and eliminate the "flashy" type floods usually 
associated with coastal Alaska drainages. As a result, the overflow 
channel will not be subjected to frequent violent upsets caused by dramatic 
short term changes in flow volumes from Russell Lake. Local Situk River 
watershed floods may produce "flashy" peaks, but their relatively small 
volumes will not have a significant impact on the flows in the main 
channel. We have predicted maximum 3 day peak flows in the 50,000 cfs 
range, however this will be a rare event. Annually, month long base flows 
of 20,000 to 30,000 cfs will occur. The longer flow periods will have 
lesser volumes . 

B. DAMBRK . The National Weather Service computer model is used nationwide 
and was used by Dr. Fread's office to predict outflow from the ice dam 
breach of 10/8/86. We used the model only as a constant flow routing 
system. The model will run on any PC having 640 K storage and a 
co-processor (having absolutely nothing else in memory) similar to our 
COMPAQ 386. 

C. Cross sections. One instrument surveyed cross section was established 
with permanent bench marks tied into Yakutat control stations. This 
section is at river mile post 0.7 and is plotted on page XC-2. A hand 
level cross section surveyed at mile post 4.2 was also monumented with a 
permanent bench mark (not included; photo section is shown on page XC-6) . 
Cross section 11 at mile 5.2 was surveyed and tied to a permanent bench 
mark using a hand level survey. 

The remaining cross sections were produced photogrammetrically with 2 ft 
vertical detail. Tall vegetation bordering the existing channels reduces 
accuracy in some areas. Spot details therefore, may not be to the desired 
accuracy but in general the sections do produce acceptable data for 
modeling the flows. Additional field surveys will be needed to define site 
specific details. The connection from the Situk to the Lost River at mile 
13 is an example of additional survey needed. The DAMBRK model will not 
accept wide flat flood plains. Consequently, the flow depths for sections 
21 thru 25 were calculated by hand. 
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D. Final flood limits. The flood limits for 10,000 and 50,000 cfs flows 
are shown on fold out MAP C and detailed below. 

Mile post 0 to 4.5. The channel is well defined from MP 0.3 to 1.0 where 
it is incised across the moraine containing the Southern end of Russell 
Fiord. In this section, the channel is lined with angular 2 ft and larger 
stones that have settled out of the glacial moraine. From MP 1.0 to 4.5 
the channel flows thru glacial outwash gravels and is contained within well 
defined banks. The channel narrowing at MP 3 >6 may present opportunities 
as a bridge location for continued road access to the Dangerous river. We 
do not anticipate any breakouts from the historic channels in this area. 

Mile post 4.5 to 5 . 5 . Although this channel is presently well defined, it 
has overflow potential to the west during high flows or a debris dam event. 
Channel material is composed of glacial outwash materials having 
considerable erosion potential. The present Alsek road culverts at MP 5.2 
will be washed out by the overflow. 

Mile post 5-5 to 13. Braided channels are evident throughout this section 
of the river. Their locations are fairly well defined at the 10,000 cfs 
flows, but lose definition as flows increase to 50,000 cfs. The glacial 
outwash deposits have been drilled to depths of 700 ft during explorations 
for oil. No evidence has been found of more resistant material capable of 
creating a well defined "control section" that would limit meanders and 
braids. The present channel (s) have local topographic relief that maintain 
their locations. The 10,000 cfs flow limits on MAP C are reasonably 
accurate. The 50,000 cfs limits on MAP C are difficult to define. We have 
assumed an orderly process of vegetative erosion and channel formation, and 
have purposely identified limit lines as wide circles to indicate the 
uncertain nature of future events. 

Mile post 13 to mouth. The existing Situk river channel from the area of 
MP 14 to the mouth has a bank full capacity of approximately 10,000 cfs. 
Higher flows, tidal influence or other factors have produced several 
interconnections between it and the Lost River area and similar, but 
limited connections to Kunayosh creek. Cross sections 21 thru 25 indicate 
that the existing Situk is dwarfed by the Lost River’s flood plain. 
Elevations in the Lost River channel are apparently lower in many locations 
than parallel sections of the Situk. All that is presently lacking is a 
connection between MP 13-14 and the Lost River. We believe that the first 
flows in the 20,000 to 30,000 cfs range will cut thru the existing low 
saddle in the area of mile 13 and rapidly establish the Lost River as the 
main channel. Historic evidence for this scenario is found ( 1 ) in the 
archaeological digs adjacent to the Lost River and (2) the mosaic photo 
that clearly shows parallel vegetated dunes that are truncated and missing 
between the Lost River and a short continuation to the east at MP 16.5 of 
the Situk (the lost river road is located on one of these dunes west of the 
Lost River). When the Lost River is established as the main channel, the 
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existing Situk may be reduced to an overflow channel or continue as a 
channel braid. 



E. Lost River area. The wide flat grassflats now occupying the Lost River 
flood plain are probably uplifted remains of former tide flats that 
developed during previous Russell Lake overflows. A portion, or all, of 
this area will return to this historic condition. Boundaries are not 
clearly defined and are shown on MAP C as the 10 ft high tide line. 

Removal of these grassflats and the present sinuous Lost River channel 
should improve the function of side drainages from the airport and other 
areas . 



F. Ocean entrance. With the Lost River established as the main channel, 
the ocean entrance will assume the historic "straight shot" bordered on the 
west by the existing foredune. The present Situk ocean entrance may close 
as the Blacksand Spit migrates west. The Ahrnklin and Kunayosh system 
could then follow west behind the beach dune to the Lost River and become 
minor partners in the ocean entrance. 

0. Effects of vegetation. The overflow will eventually establish a main 
channel prism devoid of vegetation. This channel will accommodate the 
average annual flow of around 20,000 cfs. Existing vegetation will be 
washed out at the roots, sorted by the stream, deposited at random 
locations, buried by bedload or washed out to sea. During this process 
trees with root wads attached will form debris dams causing stream 
diversions, elevated water levels, sudden outwashes of debris and other 
combinations of channel upset. 

As the channel flow increases it will tend to increase in depth up to the 
historic bank height. A 20,000 cfs flow can occupy the same width as 
10,000 cfs with some flow in streamside vegetation caused by the elevated 
water surface. 



The actual channel width is difficult to predict by calculations. We are 
fortunate that much of the historic flood plain is still visible using 
aerial photos and cross sections. Widths for the sections are: 



Section 
MP 0.3 to 1.0 
MP 1.0 to 6.5 
MP 6.5 to 10.5 



MP 10.5 to 12.5 
MP 12.5 to mouth 



Annual Flow Width 

300 to 400 ft within the "notch" area. Well defined. 
600 to 1000 ft within fairly well defined banks. 

Major braided section begins at MP J. No well defined 
annual flow areas. Total widths up to 7000 ft. 

Possible "islands" within braided areas. 

1000 to 1500 ft within fairly well defined banks. 

Situk channel gets progressively narrower as flows are 
diverted to Lost River or Kunayosh creek areas. 1200 
ft wide at MP 12.5; 800 at MP 14; and 200 ft from MP 15 
to the mouth. 
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The Lost River channel is not well defined on photos 
between MP 12.5 and 1^.0. Side drainages from the 
Yakutat area may have masked historic evidence. Field 
investigations are needed to verify widths. 



V. MITIGATION OPTIONS 

A. Separate canals. The 8/20-21/86 trip report contained in Appendix A 
discusses canal options. Any canal that significantly reduces the existing 
17 mile length of river outlet will increase the stream gradient causing 
erosion, downcutting and instability in the new channel. Sources of 
rip-rap have not been developed locally adding to the cost of stabilizing 
any new channel against erosion. 

A canal that parallels the existing Situk from mile 5-5 to the ocean would 
cause the least reduction in channel length. Long term stability would 
require significant amounts of imported armor or rip-rap material to line 
the canal against lateral movement and even this can not guarantee that a 
major flood would not overtop and make a significant change in alignment. 

We have not developed any additional details regarding separate canals. 

B. Maintain in existing channel. The existing historic channel will 
contain the overflow providing it has the opportunity to redevelop itself 
without major upsets caused by debris jams. Vegetation in the 20,000 cfs 
channel prism could be managed to reduce it's potential for debris jams by 
flush cutting all woody stems over 1 inch diameter and (1) removing from 
the site or (2) bucking into 6 ft minimum lengths, cutting all limbs over 1 
inch diameter and leave material on the ground. Additional control surveys 
would be needed to verify the channel location and provide a basis for 
setting clearing limits. Trees older them 150 years should be left in 
place because they have survived previous overflows . 

In addition, it may be possible to use local materials for construction of 
some nominal dikes and channels for initial channel control between MP 5-5 
and 10.5 where braiding is most evident. Field surveys are needed to 
verify this option. 

C. Continued road access past Old Situk river. We developed a conceptual 
proposal to replace the existing culverts at the Old Situk road crossing 
with a 600 ft bridge to maintain access east of the Old Situk River. A 
detailed suxrvey may indicate the site is less than desirable due to 
flooding of the Alsek road near the West abutment. 

Another site at mile 3-6 appears to be feasible. Photographic analysis 
indicates a narrow width well contained by channel banks. Field analysis 
and surveys would be needed to verify this observation. Some road 
construction would be needed to implement this bridge crossing alternative. 
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VI, FUTURE ANALYSIS 

This report is based on the best hydrologic, photogrammetric and field survey 
data currently available. It can serve as a planning tool and basis for future 
hydraulic analysis. Distances and elevations have generally been obtained by 
photogrammetric methods. Any site specific details or plans for engineering 
works will require field surveys to establish horizontal and vertical control . 

Areas of hydraulic interest for the immediate future are: 

A. Field surveys are needed between mile post 13 and the Lost River to 
determine historic or future channels. 

B. Investigation of a bridge crossing site at mile post 3*6 is needed if a 
decision is made to maintain road access past Alsek road mile 11. 

C. A decision regarding vegetation management in the main overflow channel 
is needed as soon as possible. If clearing is proposed, field surveys will 
be required to define the 10,000-20,000 cfs channel prism in the areas 
selected for clearing and to establish clearing limits in the field. The 
actual clearing could be accomplished during a three or four month 
construction operation. 

D. The hydrology for this report assumes the Hubbard Glacier watershed 
does not contribute any flow to Russell Lake. We encourage your technical 
input on the validity of this very basic assumption. 

E. The Chatham Area is continuing to research alternative procedures for 
developing a lake inflow hydrograph. 
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CROSS SECTION INDEX 



CROSS SECTION INDEX 



Sketch of hydraulic divide and mile 7 cross section locations. Page XC-1 

Surveyed section at mile 0.7- XC-2 

Photo sections 2 (M.P. 0.5) and 3 (M.P. 0-9). XC-3 

Photo sections 4 (M.P. 1.2) and 5 (M.P. 1.7). XC-4 

Photo sections 6 (M.P. 2.2) and 7 (M.P. 2.8). XC-5 

Photo sections 8 (M.P. 3-6) and 9 (M.P. 4.2). XC-6 

Photo section 10 (M.P. 4.7)* XC-7 

Surveyed section 11 at mile 5-2 XC-8 

Photo sections 11A (M.P. 5.7) and 12 (M.P. 6.0). XC-9 

Photo sections 13 (M.P. 6.3) and 14 (M.P. 6.7). XC-10 

Photo sections 15 (M.P. 7-3). 16 (M.P. 8.4) and 17 (M.P. 9.4). XC-11 

Photo sections 18 (M.P. 10.3) and 19 (M.P. 10.9). XC-12 

Photo sections 20 (M.P. 12.2) and 21 (M.P. 13.3). XC-13 

Photo section 22 (M.P. 14.2) and 23 (M.P. 15.0). XC-14 

Photo section 24 (M.P. 16.1) and 25 (M.P. 17.0). XC-15 

NOTES 

1. All sections are viewed looking downstream. 

2. Unless otherwise indicated the scales are: 1" = 1000 ft. Horizontal 

1" = 20 ft. Vertical 

3. The "photo" sections were all developed using photogrammetric methods. 
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Figure 4. -- “Drowned” trees near 
southern end of Russell Lake. 
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Figure 5. - Water levels in Russell Lake, summer 1986. Graph drawn from water levels 

measured near south end of lake (U.S. Geological Survey station No. 15129990). 
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PUBLICATION DATE: -10/31/84 J * 
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“ . ‘ . ALASKA. 945 3220 . 

' .. . YAKUTAT, YAKUTAT BAY • 

-Tidal datums at YafcutlitT Yakutat Bay are based* on Jthe fcrl lowing: 

i 



LENGTH OF SERIES = 17 YEARS 

„ , TIME PERIOD ‘ „ . = 1966-1972, 1974-1983L. 

TIDAL EPOCH = 1960-1978 

CONTROL TIDE STATION = SITKA (945 1600) 

■El-evations of tidal datums referred to mean lower low .water (MLLW)..,are 
follow?: . . 

« t. « ‘ 

HIGHEST. OBSERVED WATER LEVEL (3/28/64) = 15.69 FEET . 

MEAN HIGHER HIGH -WATER •(MHHW) = ■ 1Q-.04 FEET * 


MEAN HIGH WATER (MHW) 


= 9.20 


FEET 




MEAN TIDE LEVEL (MTL) 


= 5.29 


FEET— 




MEAN LOW WATER (MLW) 


= 1.38 


FEET 




MEAN LOWER LOW WATER (MLLW) 


= 0.00 


FEET 




LOWEST OBSERVED WATER LEVEL (11/22/76) 


= -4.4-1 


FEET 
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. ♦ # w 
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Agriculture 



COPY FOR 



Reply to: 

Subject: 

To: 



7500 Date: 2 3 1986 

Yakatut Field Visit to Evaluate Outflow Alternatives 
Forest Supervisor, Chatham Area 



Two copies of the report for the subject field visit are enclosed. 



A L A 

4 JAMES A. WOLFE 
Director of Engineering 
and Aviation Management 



Enclosure (2) 



cc: 

LMW, 1 report 
J. Wolfe, 1 report 
L.Paul, 1 report 
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YAKUTAT FIELD VISIT TO EVALUATE RUSSELL 1.AKE EXIT ALTERNATIVES 






Les Paul, Regional Hydraulic Engineer 
Bill Powell, Regional Geotechnical Engineer 
Dennis Rogers, Chatham Area Engineering Geologist 

August 19-20, 1986 



PURPOSE 

The visit was intended to (1) perform a preliminary ground reconnaissance to 
determine surface materials where Russell lake would overflow and (2) an 
aerial observation of the lake closure at Gilbert Point. 

FINDINGS 

GEOTECHNICAL 

-The Alsek road South of Russell lake has several borrow pits used for road 
construction. These pits are about 10-15 feet deep and all contain "glacial 
out wash materials." Previous materials testing has classified the material as 
a sandy gravel (GW). See enclosure A for test results. The materials are 
normally consolidated and were observed in alluvial deposited layers of finer 
and courser materials. Permeability in the course layers would be relatively 
high. Water was observed in some of the borrow pits which indicates that the 
water table was close to the ground surface. Rock sizes ranged to a maximum 
of three inches with occasional larger sizes. A one to three foot organic 
soil layer overlies the alluvial deposits. 

-"The Notch" is a well defined river channel about 3,000 feet North of the 
Alsek road. The ground surface in the notch is armored with gravel, cobbles, 
and boulders up to six feet in diameter indicating that substantial river 
flows have occurred in the past (see photos 1 & 2). A test hole was dug on 
the East bank to a depth of two feet. Material 'was gravels, cobbles, and 
boulders up to one foot diameter with a silty sand matrix. The material is 
compact, probably from the weight of past glaciers. Large boulders, up to 
four feet were observed on the ground surface adjacent to the notch. 

Materials in this area appear to be much less permeable than the outwash 
gravels and also less erodible. By air photo interpretation this material 
probably extends around the South end on the lake and can be distinguished by 
the existence of many small surface ponds. 

-We visited the lower Situk via the Lost River Road. Materials in this area 
were generally fine sands and silts which appear to be past beach deposits. 

-We were asked to evaluate the feasibility of using explosives and/or heavy 
equipment to open a channel from Russell Lake to Disenchantment Bay. Based on 
a fixed wing reconnaissance, measurements from photographs taken during this 
flight, and a short conversation with Larry Mayo, the following information 
was obtained: 

1. Most of the moraine is In contact with a steep rock slope at Gilbert 
Point. This would make it difficult to develop road access from 
Disenchantment Bay. 
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2. The length of the moraine contact at Gilbert Point on August 20, 1986 was 
about 1.500 feet. The moraine varies from near 0 to about 100 feet wide (see 
photo 3) . 

3. Materials are compacted marine sediments with various size rock fragments 
deposited by the glacier. The ice appears to be higher than the moraine and 
forms a rough uneven surface with many crevices. 

it. Larry Mayo has taken 3 elevation measurements since the closure occurred 
on May 29, 1986. Over the entire period from May 29 to August 31 the average 
rise has been one foot per day. Larry felt that the rate of rise will 
continue to be enough to prevent overtopping by Russell Lake. There is the 
possibility of a breach occurring by rapid calving of the glacier in deep 
water, especially if a significant earthquake occurred. 

-We visited the Dangerous River bridge to evaluate typical bank stability. 

The channel banks were natural 1y armored with 6 to 12 inch rounded rock on the 
surface (see photos 4 A 5). We were not able to determine the boulder sizes 
in the channel, but assumed they are larger rock sizes. 

This was a reconnaissance trip with limited, time. We did not map the 
distribution of materials. Detailed studies would be needed to obtain 
information for engineering analysis. 

HYDRAULIC 

-The existing Situk river has the following calculated flows: 

Mean Annual = 640 cfs 

Q10 = 8,000 cfs 
7Q10 LOW = 80 cfs 

£ 

-A cross section of the notch is shown on enclosure C. The bank full flow 0 . 
(most recent channel) of 34,000 cfs would produce a velocity o f 15 fps which ^ 
compares favorably with the erosive limits of the two foot diameter material 
armoring the channel . The "notch" slopes upward at 60% to the East and 20% to 

the West to a total depth of 50 ft. Flows greater than 34,000 cfs will be 

contained within the "notch", however if ice or debris jams plug the channel 
to a depth of 33 feet, then outflow would begin thru the Main Situk lake 
drainage. 

The vegetation growth ir, the notch is shown on photo 6. This material, if not 

removed, would produce an initial "n" value of 0.2. As flow increases, 

erosion would scour the trees from this channel, returning the "n" value to 
0.05. Altimeters indicated that the notch was approx. 50 ft lower than mile 
post 13.5 on the Alsek road. 

-The Old Situk meander patterns shown on aerial photos were confirmed on the 
ground. The Meander limits at the Old Situk crossing on the Alsek road is 
approximately 1300 ft. Relative relief at this site is approx. 15 ft. from 
stream bottom to the adjacent crests of the Alsek road (see photo 7). 

-We do not have any calculations for a design hydrograph from Russell lake. 

The current lake increases, on a daily basis, have been converted to cfs and 
are shown on enclosure B. Vie think a Q100 design flow may approach 50,000 
cfs. The Old Situk meander plains would contain this flow providing it did 
not have a ice or debris plug that forced it out of it's channel. 






-The lost river road trip verified a definable rise west from the Lost river, 
indicating that the western meander limits of the main Si.tuk is just west of 
the lost river bridge. We believe the western boundary shown on the enclosed 
map is generally accurate. The eastern boundary, however, is not well 
defined . 

-State of Alaska, Dean Griggs, provided information that the Dangerous River 
bridge on the Alsek road shown in photo 4 was designed for a Q50 of 31,500 
cfs. 

CONCLUSIONS 

1. Because of safety problems and the rate of glacier - advancement, it does 
not appear feasible to open a channel to drain Russell Lake using conventional 
methods of excavation. It might be possible to use huge volumes of 
explosives, detonated on the surface of the ice, but it would be difficult to 
predict if this would be effective and the costs would be prohibitive. 

2. Materials in the "notch" will erode at a slow rate and any meandering 
would take a relatively long time. The materials in the outwash will erode 
similar to the Dangerous River banks and meandering will occur on a continual 
basis. The map (enclosure C) indicates the general location of compact till 
and outwash materials. 

3. The Old Situk River channel and meander terraces will contain the lake 
overflow until it reaches the main Situk flood plain. The 5 culverts on the 
Alsek road that presently pass the Gld Situk flow will be washed out by the 
lake overflow. We cannot predict what will occur as the existing timber in 
the "notch" and Old Situk channel is washed away to form debris dams and/or 
diversions from the existing channel. Also if overtopping occurs with large 
quantities of ice/woody debris in the South end of the fiord, the potential 
for temporarily blocking narrower portions of this channel is probably high or 
at least significant. 

4. The main Situk flood plain cannot be accurately defined using existing 
contour maps. We assume the lake overflow will be contained in a 1000 foot 
wide channel(s) located within the area shown in red on photo 8. A better 
definition will soon be available following ongoing ground control and photo 
Interpretation. A new contour map will not be produced until spring of 1987. 

ALTERNATIVES 

1. Do Nothing. Photo 8 indicates cur estimate of flood plain limits caused 
by the lake overflow. Aisek read will be closed at mile post 11. 

2. Construct dam on the Id Situk just downstream fron the Alsek road 
crossing and divert lake overflow into canal as shown on photo 9. This 
alternative has a preliminary cost estimate of $48,300,000. We do not know 
what changes would occur •; the stream-ocean interface or the long term 
stability of the cana' 'be '.-ke overflow initiates its meander patterns. 
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3. Construct a canal thru the moraine as shown on photo 10. Allow the lake 



overflow to^seek its own course to the ocean, probably within an area shown by 
the dotted lines but at an unknown location. The preliminary cost estimate 
for this. canal is $46,000,000. Exploratory drilling is needed for this 
alternative to determine if solid rock will be encountered during excavation 
activities. 

3A. Construct additional canal to control the location of lake overflow from 
the canal in alternative 3 to the ocean. Photo 10 includes this alternative. 
The preliminary cost estimate for this added canal is $42,600,000. 

RECOMMENDATIONS 

1 . A photogrammetrically prepared topographic map needs to be prepared for 
the. compact till area east and south of the ''notch" (5 miles x 2 miles) 
similar to the map USGS prepared for the area north from the "notch" to the 
Situk lake entrance. This modest investment is needed to determine additional 
alternate routes should a decision be made to proceed with construction of a 
canal . 

2. As a minimum the vegetation in the Old Situk must be cut flush and 
removed. Without this effort, debris may plug and alter the existing channel 
course before it enters the main Situk. 

3 . If a decision is made to construct an outlet for the overflow, detailed 
surveys, soils investigations, contract preparation and contractor selection 
would have to "fast track" in order to complete construction prior to 
overtopping. 

4. A prediction of the inflow hydrograph from USGS is needed to estimate when 
the overflow will start. 




-fir Dennis Rogers 




Enclosures and Photos 
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MAP A 

Situk River Flood Plain Analysis 

A black and white half-tone print of 
uncontrolled color photo mosaic 




* * . '* « . ; . 






— v. 



* 



;'A -i'* 

v v> 



M 



v 
\ 

: -/Of , ,, ^ 

"'v .$*?" *' ' k 



*».s •* 




Photo Date: 9/86 
Approximate Scale 1:25,000 
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MAP B 



Situk River Flood Plain Analysis 

An overlay of MAP A showing Alaska state plane 
coordinates and cross-section locations 
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MAP C 



Situk River Flood Plain Analysis 



January. 1988 
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LEGEND 



10,000 cfs flow 



10,000 cfs flows lacking 
definable boundaries 
and side channel flow 



50,000 cfs flow 



oooooooooo 

0 0 0 0 0 



50,000 cfs flow 
lacking definable 
boundaries 



Islands of higher ground 
within 50,000 cfs flood 
limits 



Approximate Scale 1 :25,000 
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